(1) Japanese Patent Application Laid-Open No. 2000-1 14376 (2000) 

"SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTUTING 
THE SAME" 

The following is an English translation of an extract of the above application. 

5 

A semiconductor device 2 has a multi-layer wiring structure consisting of a first 
wiring 2-L1 as one wiring layer formed at bottom portions of an insulating film 2-21 and a 
second wiring 2-L2 as other wiring layer formed at upper portions of the insulating film 
2-21. And the first wiring 2-L1 and the second wiring 2-L2 are electrically connected 

10 with a metal plug 2-P which is formed in the insulating film 2-21 and serving as a 
connection. Each of the first wiring 2-L1 and the second wiring 2-L2 has a same layer 
structure, respectively. That is, the first wiring 2- LI consists of a TiN film 2-11, an Al 
alloy film 2-12 as a first conductive film, a TiN film 2-13, a Ti film 2-15 and a Ti film 2-16 
as a second conductive film, and the second wiring 2-L2 consists of a TiN film 2-41, an Al 

15 alloy film 2-42 as a fifth conductive film, a TiN film 2-43, a Ti film 2-45 as a sixth 
conductive film and a Ti film 2-46. The metal plug 2-P is formed of a Ti film 2-31 as 
a third conductive film, a TiN film 2-32 and a W film 2-33. In the process of 
manufacturing the semiconductor device 2, Al-Ti alloy films 2-17, 2-18 and 2-34 are 
formed by performing a heat treatment after the second wiring 2-L2 is formed. 
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(Al) (Al-Cu§) II 01-1 3>(electoromigration) St (y 
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ftiftoTKW-rs. ftufafe-r sps, ci©t iN&i o 1 - 1 a***- 

[00 0 3HS1 : «>'J3> (Si) *® 101-1 yf-yPisti, 7>?-Jjy \>§W£.K2>Wr&&$>Zo 
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4 ci:tt*v^ ifctftJt, ftfe©E*§Uf 20 
OlSi, feSVHi, -©E*§Uia>S>ftfe©Ei&SUf , V^r 

BMUI 4:ffe©E«ilH ©ffimfito^QtfB&itSftS d k 
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iP4«fiSt<J:n«, -©EISWfcgMfcgPtt, .fcojfcuiB 
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to-fe, »J3^5CE«©iNW*&B©«fc-5fc, -©Em 
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[0 0 2 2] *LT, IS^JH6K:gB«©<fc5K:, 81© 
HPSBtt, »l©*mK*»*l-*£fcfcJ;oTiBJ*S 
*i«Cfc36«**U^ *»;&>4#fj£fc:<fcfttt, $gl©£« 

S.tt, 11 ©tlltfxV^ bDY-f ^V->3>It 

fc£«#<f F* s ^-T4*J j en©$)5!felfCipe.«|^$ix 
i:&4. bfctfo-c, -©BIM^fe«DEflMn<Z>S£t 

[0 0 2 3] »*S7fcB«©idfc, -©Ei&Jltt, 
IB 1 ©^SKK* V^ "CIS 2 ©5gftlSI#g5 L X ^ 5 B fc J? 
&41Bfc^*JM©*««*«l*., &4©S*«Rtt, 
£ 1 ©ISPSS©P3®©-2&£#fJ&1-S> - * U%. 

£tit£, mffi®&, -©E«MUC*'lt4Sg 
4©^mKfcS^.S?)K:^$ti.5ii:K:«:4. *LT, 
SS4©*£SJ8U±, Hf«OSBK©«MWIK:J:oT:»«1- 
S 0 ^tit<toT, ®4©«*fiii:SiKfiP©«^a<]€^ 

tt, ±b.ag&iife5fc«>, ^agc-©EHuahflk©E 

«MI i:©»att-S 4 . 
[0 0 2 4] ±i6©.t5t, »*«4, 5, 6, 7fcli 

tut, tmtot.-aBMBizovmKj&^'Z, -©e^ 

Jl i:fl&©E^JiH©®ifif» ZmSM-^mftT 4 i i: 
^pltg^aSAs, ft^8, 9, 10, llfcintf, 
l(M!ia4:ftOE««fc©W«C*v^T, -©ElUfiiffe 
©EjMilSCffiitffi&SJBia-^CJJt^l-SCfc^lItg 

[0025] r&tffe , ff*a 8 fcia«©*«tt«ac 

i^xtt, flb©EilSISC*tt4^5©«t*JK*^Pfc > fife 

©EmitSi^sett, m^cgE^nscfctaa. 

*fc, ^5©^mMC*fLTH6©«SM*J;V^3© 

mw&imwtiitstiitik. m&vm&x-mmitMt 
©«m^^al:p^lcp^ra* s #su-cv^^:* ) , ^saam, n 

[0 0 2 6] ebT, l»*9!9-eia«©J:dt, f!fe©E 
Mitt, §&2©l§ngB££U, «MStt, ^2©HP«5 
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jStintE, »*3B5fc*B-4-©i3Mli:aai»4:o 

TS**ci:'#iri6i:«ia. £©*§*, ffeoKSUf©* 
-f F©8l$tt/Js;*<&*. Ltz&vT, -(Dffimtfa 

[0 0 2 7] Ofcia^Oi-SC, ^2CD^Pa5 

ft, »5©»«»ftl»41-sc:i:fcJ:-aTJ&j«**tic 10 
fcWFtUH. **».«««CJ:*itt, II 5 ©*»«&£& 

gwrs-fetrnft s n « c t s: * s . 

[0 0 2 8] ft*gl lfcf3«©«fc3C fk©geS&^ 
tt, £^©**KC#^Tlg 6 bT^*® 
kJ3&3®C«*-SMF 7 Sg7©g*& 20 

tt, Sg2©IBP^©rtM©-&£®j£t-S£k#jif;i;b 
V\, iPipsmcinK, (gttttti, ffe©E8Uffci5tt 

a « 7 co^sRcm^-W esems *is c t fc&s. -e b 
r, 87©&«iiitt, ^©saojiMiiaiicio-cKss 

[0 0 2 9] *&, n*mi 2, l-8fcE*©J:$fc, 

Bteonfr^smigifimitz. *bT, n^ai3, i 30 

4, 1 5, 1 7, 1 8CfE©©.fc3£, K2, 3, 4, 
6, 7 >"C«l«b, m£©M«©&4SL3I 

^ffi^fcT-, «2, 3, 4, 6, 7©$«£tt, JB 
1, 5<Z)*«flU:£&Kj&U (ttltjWMn-J-Scfcfcfc 
«. £©&©, -©BIMC43tt*»2, 4©S«& 
tt, «9«»C*»-*lB3©#«JK4:«*caHSii, R 
Wc, tt0EM&£tf-«*6. 7©«SlKtt, ttlftM 

[0 0 30] ft*Sl 2fci3»©i-5ic, —©SB 
iimSlllOfSii 5 , 7^5=*A6&t;«IJ5S 40 

yi/-s/s>aft*«jB4-r***n#fes. b^b, *» 

3 ©g«]Ki:-©iES§Uf fcfct* -5 Ml 2 <Z>*«K£g A L 

i/-^s>swfccnfe6r, -©sanjihfitcE^iira 
5 ©#«£#, T;i/§=«>A^-e*ja**i-cv\4» 50 
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afttfft^i-****!****. b*>b, *»^5m^tt, 

flb©ffil§UlC:*3tt3$g 6 ©ttURfcfllA l/tSttlSfc 

», *5©*«Btc*tt-**i'i' bD^^i/-j/ 3 > 

SftCBtJ&r, -©E*§UBkte©12*S^ia©iS$tfil 

tt, tmrn-mmmiizziittz. 
[0031HU, m$mi 9t«tntt, «is©bh^ 

fc»©g^S5 k ft* jt&HWmct:* 
V>T, -©ESSUltt. J|l©Hnftft*.b, Jfttttttt, 

[0 0 3 2] *^5*fiEC«ttltt, -OBfSUik^Kas 
tt, J:Difiv>ffl*TJ«Sl«Cl(tt(l*n*Ci:fc*4. ± 
x£©<fcd£, flhoSIMi*»&ftlMiMl^M/T— ©BESDf 

n©*%*i/* hoT-f^v— ^avauktt, — ©e* 

«*/£^®*T««^fc«ilt-iitt, -©RS&BKStih, 

-©ffi*IWfcflk©E*UBIS©ffimtttt, JUWH-s&fciit 
[0 0 3 3] ft*«2 0{cB3$©<fcdfc, fl&©SE3&§Ui 

tt, Sg2©B8PS5ft#b, ttttflstk, JB2oNafft:« 

E&Cfcfttt, HM&Hl 9fc*ttS-©E«J8i:g^a5k 
OMft&PWiK:, fe©EIMl:£Mfftt, J£V^®*T-m 

<oiBfltii/>*'<ft*. ifctfo-c, -©BBi^iiffe©® 

iSUlIHI©ffiKfil[tt, «H«-^fclW**ft5c:fcfcfe 
5. 

[0 0 3 4] «ft©iffi(ftBka»©E«SSt*W- 

5-©EisajBkffe©E)SWB*sstwfcgs^-rsfc»©ig 

bT, c©^jt*Stt, m&m2 lfcEBoAifc, Ml 
l©^SJKi:, IS«t«toTi$«istiADl-5ti2©2g 
«Kfc**tr-OiaMI*JB*1-**l©Hii:. is 2 
©^«M©-a5^l^*b, ~©SB«l«tg|pgi5&)BfiK1- 

s^2©xgi:, mmk^-c&mifimnn-?zm3<D 

iPiPSMii^S^iixfi, m^A, 5, 6, t£fctt7 
[0 0 3 5] 
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coo36] ( in i ammowm *$b(b©si i ohm 
<wB«ca>*»**«w«« i * hi io^sw 

«W 1 tt, «6*©*ig#£e 1 0 1 4:H*fc, S&ijR 1 

- 2 1 co±TC#j«Sft;fc-<0IHiJIfc bT©lg 1 WM 
i-L i*sJ;trffe©E«giiiiL-rcDS2B2iSii-L2t: 

j§l-Ll*5«fcVg2e*ll-L2tt, «fi»JRl-2 1 

T**«fc*ifc3*iTVk*. jgiB»i-Li43*t«s 

2BE»1-L2li, «Efc*H-«WMI»fe#bTV> 
S. tfefcfc, JUEttl-Lltt, TiNflll-1 
1, A1^E1-1 2, TiNIl-13, *«ktfS& 
■lClWulMaiilfcb-tffl^V^.n/ (Ta)Rl-H 
'*»6*«*il.T*5, ?g2SE&l-L2fc):, TiNKl 
-4 1, AlMRlr42, TiNJRl-4 3, 43i 
2 <DftHu*&JMK fcLTCDTaBU-44frfc*jjJ 
SftTV^. ^m^Vl -Ptt, Till-31, T 
iNKl-3 2, *«fcVW|*l-3 3*»6JKJ***i-CV» 

[0 0 3 7] XS1 : S iiSl-lCb?^** 
*UfSb, CVD««fftJBVvClMMIl-2;fe 

[0 0 3 8] 2 : T i NK 1 — 11, Al^ll 
-12, TaIl-14, fcitfT iNJ&l-l 3&* 

^^ftifib-C^lBBJSl-Llt-rs. 6:43, Tall 

- 1 4 ©^{Sfcfc, A 1-12 £7IMbfc&, A 

1-1 2tTaJRl-l 4(DAfffe«Att«»* ( BfitS 
[0 0 3 9] Ig3 :tt«Kl-2' l.fcCVD8K?Tf« 

$bfc&, z.®mmmi-2 iwtbt, *hyy*9 

[0 0 4 0] Xg4 : BC1, If omX*x.y 

1-LlOTiNIl-l 3ftl^*f5. 
[00 4 1] XS5 : TiKl-3 ltTiNJRl-3 
2**;W*«*A^vr*&jBJSb, CVDife 
ft«V^WKl-3 3fe»aW«. TiNKl- 
3 2CDJB52&, T iflti - 3 1 «&5&bfc«, 

ftuwboojftttwcffton*. cntcfcfj, Tin 

-3 1©*B©SWfe7M8it3Jx, TiKl-3 1hTi 
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nm i — 32 (DBL&tengmmmifiWktstiz. 

[0 0 4 2] Ig6 : TiKl-3 1, TiNgl-3 
2, WJ&1-3 3£±®:t>y3 i My*1-?>c:i:fc: < fcc> 
•C, /t>fT*-;H-VHrtfcSfeW7'7^1-PftJBa 

[004 3] Xg7 : TiNKl-41, TaIl-4 
4, Al^feKl-42, £«fcVTiN]8ll-4 3£X 
^**»fe«V^'**ilSlfcb. *h«jyy57-f*J;iF 
*y?>yftlS'bT»2Eltl-L2fc-r4. A 
10 1-&&K1-4 2©J&j£fcfc, TaIl-4 4£Mtfe 

6, TaKl-4 4©«B©^#Krit3ft, Ta&l 

- 4 4 1 a i 1-42 ®^&a»MKitfttfit 

[0 0 4 4] W±OXgl~7fcJ;oT, »1©HJE© 
JB»t****»t«6«l*JBa*n*. 0 2, 

h 3 s^awc* i <DmM<mtBtK.frfrztm#&s. 1 © 

[0 0 4 5] E2© (a) CS**-*3fc, S&2ES&1- 
20 L24>6SS1E»1-L 1 £*f bt&Jg ^ 1 - P 
)H4bT«?e- &8SE1^B^, ttX<Z>j|&*ttS« 1 0 1 

A1^R1-1 2C33VvtEM8MMcJ:4&JiW H 1 - 
Vl#£bTbi;-5. 

[0 0 4 6] £fc, Ii.3C^W7*-M-V 
H*»«b, XS4t*V^TiNJtl-13*|»*-r 
5HR, T iNIl - 1 3#*-;t-xvf 7" 
>^-**MBW£ 5. XS5C^T« 

«*nSTi»l-3 1, TiNBIl-32, £«fcVW 
30 JK1-3 3t±, a>A»S7>^-*s>hfS5fcttAi>£i:& 
V^fefc, M*etJtE2© (b) fc3V*-J:$fcfcj|W HI 
-V2tf^b5Ci:fc35:S<, 

[0 0 4 7] C©«k5t, ^l©HJfi©^SIfc*»A»«* 

vasal £tt, {£x<z>4&»tttHti o 1 ^wwc^-f 

2© (b) t^-r«tdfc, f IE 

«i-Llfc«[*6*ifcT«Rl-14tJ:-3Tillll 
• 1-L1 4:S^fcS!ll$n*. bfc#ot, Jgl© 

40 - L 1 tm 2 SH 1 - L 2 tt, «Xfi:«ft[ft|Cttifc**l 

[0 0 48] Sfctd, JS£2gE*£l-L2A>e,S|ll&jSS|l 

-l i izMLxn^e- zmmitmb, giKiai- 

L lCAl-n^Kl — 1 2tEMItCJ;l^ H 1 - 
VltfStfe^T-feo-Ct, *1K»1-L11:»2 
1 - L 2 k<DH®HRJ&SftRi*, Tall - 1 4(C 

[0049] mt<D*m&mz 1 o 1 t.m 1 ©na&©ffj. 
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tt*EIHSiRR0*tt, fi»CD^KHiai 0 lfcifc^ 

a 1 ©E8ffifcR©teiq0»§fi6j&»£. i o x*iD-r* *t- 
b-cv^s. 

[0 05 0] (Jg 2 OHJfi©^) #38?§©S|S 2 ©JUS 
0^<BtiPiP5*^SS2SE14fc^-r. i©*«ft 
gg2tt, t£#©¥&tt$|g 1 0 1 fcH*C, «6«M2 
-2 l<D±Tt»flR*nfc-<DK»ikUT©l8ii« 
2-L l*J;Wft<DEWii:l/T<D»2B«2-L2C 
<t^^SEI&«3t*#1-%t)©T-fe5. ^bT, ft IE 
«2-L l*itF«2i»2-L2tt, ftftjR2-2 1 

T«iW»t»||*n^4.-JBlB»2-L lfiitFii 
2E&2-L2&, ffiEC*B-©JMIft*#U-CV<> 
Sc ft 1SE&2-L 1«, TiNK2-l 

i, %i<Dmmmthx<DA. it&mz-i 2, tin 
K2-13, Tin 2-15, &£vm2<Dmmm£L 

T©Ti£|2-l 6*6«W*hT*D, ft2IB&2- 
L2fct, T1NM2-41, ft5©*HMU:l/r©Al 
Hh£&2-4 2, TiNJg2-43, ft6©3¥«g|i;b 
T©TiK2-45, «J;tFTiK2-4 6*»6*«* 
*VT^«. £M7-7^2-Ptt, ft3©gmjgi:bT© 
T 1K2-3 1 , T i N8H2 — 32, **VWfc2-3 
3*>e>7&f£;*tlTV<>S. Cit, ft2©gBK©JBJBfc:fr 
iP&^mmiV. 2 ©WftHHMV>Tll(fc»-3T«y!l!*- 
3. 

CO 0 5 1] XS1 : S i&K2- lfc 
*»«L. ^©&, .CVD«S**ffl^TlOMil2-2ft 

[0 0 5 2] XS2 : TiN12-l 1, Ti«2-1 
5, A1£&K2-12, TiB*2-16, *JCVTi 
NM2 -13 fcX/*y*8rcft*«SJ«U *h U 

7 -f *; «t y btft i mm 2 - l 1 1? 

S. ft*. T1I2-1 5, A1*&R2-1 2, *5«k 
VTiK2-l 6tt, KS«S8* J «t^$nfc4'T!3^«J 
{c^fiK^nsidt-TSo Cltifc£>J, TiJK2-15 
©»B* ±tFA 2 - 1 2 ©*lH©BMh*«|»±$ 

H, Tiffll2-15 4:A1-6*K2-1 2, Al^i 
2-12tTiK2-l 6<DBU&temn$}m&ifim&£ 

[0 0 5 3] 1*13 :mmm2-2 l^CVDffi^ 
£©«fc&BI2-2 l CftbT, *f'JV^7 
7 4 *3 XUx- 9 * >^fC «fc o T>W 7^-;t/ 2 - V H £ 

[0 0 5 4] Ig4 : BC1, *©«Jlt*aiy^>^ 
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2-LlOTiN12-l 3*3«tVTiK2-l 6 &Bfc 
[0 0 5 5] Xfl 5 : T i&2-3 ltTiNl2-3 

2&zK9*m*m^TM&&f&L, zztz, cvds 

£/f!V^Wi&2-3 3^JfMt"S. a*, TiM2-3 
143*VTiNK2-3 2tt, JE£tt<S#*§ft£*T,fcff 

2 - 3 1 <Dmm<bmtti&®±.Ztl, Tig|2-3 ltT 

i njk2-3 2<D&&tem$mmj&ifim&tfti&. 

10 [0 0 5 6] Ig6 : T i^2-3 1, TiN®2-3 
2, WK2-3 3^Sxyfn«^nci:t:«J:o 

x, ^<{'r*-)\'2-vHfiiz&m7"7?2--pzr*m 

[0 0 5 7] Xg7 : TiNR2-41, Til2-4 
5, Al^M2-42, Tiffi?2-46, :fc«fcVT i 
Nl&2-4 3£;^y*&£EV>TlKifcff5J5£b, *hU 
V ^7 7 -f £ «fct*c >^£SE bTft 2 Bfll 2 - L 2 
«t*5, TiK2-45, Al^M2-42, 
*J:VTi(K2-4 6tt, X?£ttJg#i&&$*ifc*-t-5£ 
20 ^C^fig^nSi-SfC^-S. ZtiKL&t), TiI2- 

4 5©«®43iVA 1^12- 4 20&B©Bfl3tfB£F 
Jt*n, Tig|2-4 5fcAl-&&jg|2-4 2, Al^ 
&K 2 - 4 2 fc T i K 2 - 4 6 ©&#fcS|jU$3&I#fit 

[0 0 5 8] Ig8 (H, ) ±fctt^»tt;tf>i# 

ffl&ft- 4 0 0-5 0 0 *C©IMLS&iE1-o 

[0 0 5 9] fel±©XfIl~8C<fcoT, ft2©|UE© 
te®\zipiPZ*m#$iW.2ifiW*f&ZtiZo 05 £ 

fflV>-C^2©^JE©B«^i??)^^112©ib^ • 
30 *ltttCOV>Ti&B.g-r.5 <1 

[0 0 6 0] ^2©SUS©^fc4>*S^^S2 

SJCt^T, ^lgBi^2-L l{C*(t5Al-&^8g2- 
12i:, Zti\z&LX^2>mi®,U2--L lC^H-ST 
iJK2-15, 2-1 6, *'it5^a7"7y2-Pti5 
ftSTiM2-3 lfi, -^SJ^Sie^b, •etl-enA 
(Al, Ti) JK2-1 7, 2-18, 2 
-3-4MMM-*. lg2©||ag©BS8t4»A»5iit^«^ 
e2{C*{tSAl-&^M2- 1 2©P»tt, nm2- 
40 1 5, 2-1 6, 2-3 1 t^fbT+^-JPV^fefe, fftA 
at«toT^b-5Al-T i-&^K2- 1 7, 2-1 
8, 2-34©g|^8:, fSfHiOatU© T i ^ 2 - 1 5, 2 
-16, 2-3 l©JgJ£C*fbTffJ2fglCii;!rabT^ . 

5 = 

[0 0 6 1] nttC, JB2Ba»2-L2Kl*B-*Al# 
£BI2-42£:, Cinfcl*bTV^»2iaSl2-L2C 
*H-4TiBt2-4 5, 2 - 4 6 tt, ^AS^ftUac 
b, ^tv^nAl-Ti-^K2-4 7, 2-4 8tS 
■fb-TSo ^bt, uOAl-Ti^I2-47, 2- 
50 4 8<DKj*tt, S^^t5©T iK2-4 5, 2-4 6© 
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[00 6 2] E 5 cd (a) fc7jvr.k-5t, m2&&2- 
L2*»6»1E«2-L lC»bT6«r5y2-Pt 
igSUTm^e- {^©^8fl 0 1 

fcHWfc, &H75y2-PBT©IISlEI*2-Ll© 
Al^aH2-l 2tcfcfc, EMSBC^islW K2-V 
l#£DTL£-5. 

[0 0 6 3] Xg3t*V^T/W3**-;i/2-V 
HttEgfi&b, ■lS4t*V^TiN«2-l 3 
SB, COT 1NI2- 1 3#t-^-x»f 
ft, 7>y-*»b«#ttSi^4»*4. XS5tC* 
HT»fil*ii.*TiJR2-.3 1, TiN&2-32,43 
<tVWK2-3 3{±, ip*a7>y-*s» hSBfc:ttA»J 
Si&ftufc©, *S*i$fcl25© (b) fcjjt*- Mfctf-f 
K 2— V24*£b5di:C5&5o 

[0 0 6 4] £©<fc-5fc:, JS 2 (DmMcDmmv: frfrZ* 

m&mm.2\z&, mt<z>*mmis.io 1 

F2-V143*WK-f V"2-V2tf^-T?,i3^n* s fe 

5. ua>u, xg8t*it*aft«yifc:«t-3-r, Bis* 

2- L 1©A1-Ti^l2-1 8tt, gfti&31ii3©T 
iB2 - 1 6 lZik^X&M77 V 2 -P*|S|^K«L, 

^JS7'7y2-POAl-Ti-^JK2-3 4 
fi, $«mr©TiJil2-3 Ucib-^TAl-Ti'^ 
M2- 1 8*1^^551-2.. *»*2.K5StJ;r5T, Al 
-Ti^fc£l8l2-1 8i:Al-Ti-£&B2-3 4ttgE 
/Sirf-S B£ttC£lEtt2-Ll, SfeJgT 1 

7^2 -P, «£VB2BB2-L2g, fig^Klfi^W 
fcg^$ft£>::i:fc&3o 

[0 0 6 5] *&, Sg2E*§l2-L2i»S>SglgEiig2- 
LlWbtf?e- SBttttCBU B1BB2-L 
1©A1-&M2-1 2tEMSfttiif^ t*2-V 
ltf4bfe«^oti, BlBlft2-LlfcB2E 
m2-L 2 t<Dffl<D®mt&tfuRtiL, Al-Ti-&^12 
-1 8tAl-Ti££K2-3 4i:©&M£<fcoTS 
«B--BttiMti**ft*::i:fcfe*. , 

[0 0 6 6] 82©^S©J&BK:j&»i»3*3lflEgfi2© 
EMiWConti inj£KB&flgbfci|g:3i, ±*DBi 
©Sl«i©»»t*****fl«« 1-fcHBfcEBJSttR 

[0 0 6 7] (js 3 <r>wik(omm xftwwm 3 ©uss 

©J&Mfc*fr***fl*B3*H6fcjjV*-. £©*»{* 
3Sfi3t±, t£fc©*3?#i£e 1 0 1 kHWHc, l«3 
-2 10±TCBBSftfc-©ElBBi:UTCDBlEi» 

3- L l*Jta t ft©EB*4:bT©B2E«3-L2K 

3^3 -L lfeJ:V»2E*3-L2tt, &BB3-2 1 
spC««Stvfe»*»i:LT©*«7'5^3-PCJ;-3 
TBBttWSBSftT^*. BlEB3-Ll£«ktfB 
2E»3-L2tt, fflEfcB&H-©JMIBfcJfJbTV» 
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5o f-fcfr-fc, ^lgSi^3-Lltt, TiNI3-l 
1, A 16&K3-1 2, i5£VTiNJS£3-l3*>& 

BBSftTfcD, B2EB3-L2H:, TiNB|3-4 
1, Al^K3-42, *J:tfTiNB3-43*& 

«J5&SftTV>5. &JS77*"3-P«:, TiR3-3 

1, TiNJK3-3 2, *itWK3-3 3]£>k}&j£$ 
. ftTV^. C'T-, £3©£ffi©B£C#frSi|£*tt£ 

B3©BBxacov>-C«*at»TKIIBt*. 
[0 0 6 8] xgl : SiJ6B3-lfch5>5>**B 
10 SBBL, *©«, CVDBB*BVvaftBR3-2fc 

[0 0 6 9] Xg2 : TiNg3-l 1, Al-&&m3 
-1 2, **VTiNB3-l 3fc*/ly*ttTH&j& 
Bb, *b >J V^7 7-( ^.tU^y^-V^SfflSLTSgl 
KB3-L 1 

[0 0 7 0] Xg3 :B£R3-2 1 feCVDtiHFCJB 
fiSbfc^j, £©*6B£S3-2 1 fc*fbt, *h'JV^7 
7-f *J:V*y?->yK:*o"C^-f T*— ^3-VHft 

20 [0 0 7 1] IS4 : BC1, B©«B»*y*>^j& 
**fflV^M^7*-;i/3-VH©BBK:;&?>£lEB 
3-LlCTiNJK3-134»4t, *6tAl^* 
JK3 - 1 2 ftW«<OB*d*-Cxsr^>^r*. 
[0 0 7 2] Ig 5 : T iB3-3 UTiNI3-3 

££v>TWK3-3 3«Bft-*~S. TiB3-3 
H3«fctfTiN£3-3 2fet, X£ttB#BttS*i&if> 

■e»*«>cjB«sfts jLdic-r*. cntctD, -nm 

3-3 l©BH©Bfts4*|»itSft, TiJ83-3 1i:T 
30 i NM 3 - 3 2 ©&#£S&8JB»#B«Sft 3 . 

[00 7 3IXB6 : T1K3-3 1. TiN13-3 

2, WI3 - 3 3 S^Ixs/f nyi;t5ii:t 

t, ^rjjt-^s-vHrtfcftBr^^s-PtjBja 

[0 0 7 4] I§7 : T INKS -4 1, A1^I3 
-4 2, *5J;VTiNK3-4 3S^^v^ffi*fl|V>t 

TB2B^3-L2i:-rs. £*5, T1NJR3-4 1, 
Al^fem3-4 2, 4b'«tVTiNM3-4 3«: > X£ 

ZtltZi.*), TiNK3-4 l<Dm.Wj3&VAl-gt&m. 
3-42 ©Bffl©»{b#Rjt3ft, T i NK 3 - 4 1 1 
Al^K3-42, Al^I3-4 2i:TiN£t3 
- 4 3 ©&#&B&tt#5I#Bfc;*ft3 = 
[0 0 7 5] «±©Xgl~7{C«t-oT, £3©fU£© 
»»C*»*S*B#»B3jW&R3ix5. *t, E6£ 
fflV>TB3©|»©^MCiP*SiNIKMf6B3©«rf1? • 
«ticov>TKwr*. ft*, ;W7*-;U3-VH 
tt, «Sff@*s-a<S©iE^T-feSit^i:bT^? 
50 ftTV>4»^fcHPb-t:»TKB"*-a. 
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[0 0 7 6] 8303^®&JBC**«3U*ft£C3<D 
Al££&3-1 2fct, ±jB©£-5fcXg4fc*Vvt, 

a i 3-12 tfjg-r-sgpa-cD®* site, sc 

(a) 

[0 0 7 7] S 1 = «S a + 40d • • • (a) 

[0078] ctT,c*fbT, &3k<D*mtmm 1 0 1© 

0 l-Pi:Al^mi 0 1-12 
#&1-3gp#ti, ^177^10 l-P©Jg®fcKS£ft 

&fcs>, *©@«so», a. (b) -c-^-^^ns. 10 

[0 0 7 9] SO = tf J • • • (b) 

L=A • J" n • exp (-Ea/k 
[ 0 0 8 3 ] m 3 ©Ha£©J&J8fc*>;b>3^$|ftge 3 £ 

*vi&k<Dimw8m i o i ©ig£, » i @a*i3 - l 

1, 1 0 1-L1, &2IS&3-L2, 101-L2, 

%x.v&m7??3-p, i o i -p®«^fc«tn«, 

$SHKDEMi94rtt, a (c) {c*-v>T^n=2i:Ufc 

[0 0 8 4] bfetf^T, & 3©HiE©JfcnSfcA»A»3* 
&#3lg3fflEM#^rL 1 i:t£3fe©^#«© 1 0 1 © 20 
EMML0©M, L 1/L0= (SO/S 1 ) " n 
==2. 7 s ^7. 3£:&3p 

[oo 8 5] m3<Dmmv>]&muiii>frz*mtmm3<D 

84fc*V»tTiNgl3-l 3*»*f *», TiNU 
3-1 3^2i— /t— oi-y^xr^tT,, 

^bS^is^S. xg5fc:fcM,ATJIM£ft£T iffil 
3-3 1, TiN^3-3 2, *3«kVWK3-3 3<i, 

CI26© (b) £j5s?-«fc5iC&tff K3-Vl#£bS 30 

[0 0 8 6] bfrb, m3<D$m<Dj&m\ZfrfrZ¥&#- 

1 0 lfctWSbT., ft7. 3^i:?tlTVA5 0 t-^to 
t>, «r2Ba»3-L2*6*lBM3-L l£*fbT£ 
JS^7^3-P$:/gSbTm?e- *«Ufc|j-fcSHrt 

(Dmfimtfi&i&icmiiuTzz titter* Ltz^x, m 

3©0tffi©^®fc**»34^Se3fcJ^tf, 0 6© 
(a) Cmt«t-5fc, *W F3-Vl#£bT<fe>, »1 40 

k& 3 - l i tm 2 mm 3 - l 2 <da» &mm.w.m&, 

[00 8 7] (84 <onk<DB®) *&WV)n 4 ©f!S£ 

^S4ii, 1 0 1 tmmt,. tsmmi 

- 2 1 <D±T£M&Ztl1t-<DmmM£ bT©!l 1 i36£ 
4 - L 1 * «fcV{k©lfflMl« t bT©» 2 E« 4 - L 2 £ 

J^4-Ll*5«tU f »2ga«l4-L2a: > ifi«4-2 1 
4 J t^^nfe^g(5i:bT©^JS7'5^4-PK:j;o 50 
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[0 0 8 0] #IAt£?S = 0. 7/zm, d = 0 . 3 >um© 

WBHtSl/SOtt, tf)2. 7m. 
[0 0 8 1] ^7-7^3-PHAl-&iI3-l 2 

3- 1 21fifflktZ&fr<DWmzEL\m-tZ. *fc, E 
MiMrLtt, S .(c) T-^fcft, ^©fittt, masses 
J©n*CS]t^J-rsci:{C!&-5. 5S (c) 

THM, A, nttjafcTfcS. 
[0 0 8 2] 

T) • • • (c) 

2IBI&4-L2&, «at«B-OJI«Jtft*UTV> 
£u -$"&£>*>, M 1 82SS4 -LIB:, TiNJg|4-l 
1, Mil ©&««££ bT© A 1^K4-1 2, TiN 
R4-1 3, ^4©^mKi:bt:©TiM4-15, * 
iV^2©^Mi:bT©TiK4-l 6frt>Mmzn 
XX*), Sg2ffi&g4-L2B:, T1NI4-4 1, 115 
©$?«££ bT©Al^&:&4- 4 2, T i NUg4 — 4 
3, *6©«mKi:bT©TilK4-4 5, *<tV^7 
©*«Ki:bT©TiJR4-4 6*fe«|«snw6. 
^JS7"7^4-Ptt, ^3©^«Ki:bT©TiM4- 
3 1, TiNR4-3 2, *3«kVWJBU - 3 3 *>t,fl£j£ 

[0 0 8 8] IS1 : Si«t4-ltl-7>i;7^ 
*©&, CVD&^£;Bvvt*fefi]8|4-2£ 

[0O89] x§2 : TiNS4-l 1, TigU-1 
5, A1-&&J&4-1 2, T1I4-16, *3«fctfT i 
NIK 4- 1 Z&X^vfr&X-m&i&mL, *h'JV^7 
7 i-iVx y bTg 1 g^4 - L 1 ft 

5. TiS4-15, Al^£jR4-12, *i 

TFT iK4 - 1 6 fcfc, X&tratf|ttt3ftfcifi?»Rto 
tHg«sn*i:5fc1-*. ^ntit), T1K4-15 
©*j-[B£ itfA 1 6&14- 1 2 O&BaBNba'ffiUtS 
ft, TiK4-l 5fcA1^14-12, A1-&&K 

4- 12i:TiK4-16 ©a$P^«^.a<)«5itf WRts 

[0 0 9 0] Xg3 :«gig:JK4-2 ltrCVDffi^f^ 
fi£btm, C©«&SK4-2 lC^bT, ^h'J 
7 4 43 iVx 5 s - > ^ fc «t o X K<< T*— ;i/ 4 - V H 4 

[0 0 9 1] Ig4 : BC1, ^©ttLSS^oi v^yifiS 

^ftfflv^W7ih-;i/4-VHeDjK8i!K:*5»iB« 
4-L 1©T iNM4- 1 3 43«kVTifi^4-l 6S|^ 

sfeb, *&CAl^&flt4-l 2&Ti«4-l 5tf« 
[0 0 9 2] xfI5 : TiBU-3 li;TiNK4-3 



( 
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*JBVvtW«4-3 3*J&iM-S. TiM4-3 
ljfcilFT iN|&4-3 2tt, ft fc* 

■«at«»tJBBR*n5J:5C-r*. -ixtiD, Til 
4 - 3 1 ©«ffl©BMb#KF±*ft ) Ti)K4-3 1i:T 
i NEI4 - 3 2©&#**&tt«ifijb%«<**tS. 
[00 9 3]Xg6 : TiM4-3 1, TitfK4-3 

[00 94]XjI7 : TiNJ14-41, Ti®|4-4 
5, Al^M4-42, TiBI4-4 6, fiilFT i 
NK4--4 3fta^V*»*^T**»«b, *HJ 
V ^5 7 -f * itfi f 3* > f £Jg bT» 2 WML 4 - L 2 
fctS.-feft, TiR4-45, A1^4-42, 
£«};VTiJBt4-4 6tt, KSfi««#IB**nfcipT3i 

4 5CD«lB*ia c Al-frasK4-4 2©gl®©®{t« 
Jt**l, Tiat4-4 6kAl-&ftK4-4 2, Al* 
*K4-4 2fcTiflt4-4 6<DA»35t«ft««a56 t « 

[0 0 9 5] x§8 : H, *fcttJf«tt^#H*l4»TJ 

4 0 0-5 0 o-cco^yi^is-r. 

[0 0 9 63 KU.©xm~8tCfcoT, §I4©*J£© 
®Mfc*****fl««4:^J«*ftS. 0 8£ 

fflV>-r»4©WK<D»ffllCfr*»S*»tt««4©»f^ • 

[0 0 9 7] !IU0^0&*Kfr;ft>«4&*ttfc£B4 

ICiot, »lB»M-LlK:*tt*A16*Bt4- 
124:, CflCgSbt:v>*^lia(»4-L lC*ttST 
iJR4-l 5, 4-1 6, SAlteKr^^-PCS 

itsTijK4-3 ltt, ^s/iSS)gc:u, -en-eftA 

l-Ti^M4-l 7, 4-18, 4-34fc^h-r 

5. »4©IIJfiOB3!lfc*»* > S^3WIM6«4K:*MtaA 
1^14-12©iiltt, Ti«4-15. 4-1 

6, 4-3 1fc*fbT-HMfl^fc», 8fc&3lK:«fcoT£ 
CSAl-Ti^*K4-17, 4-18, 4-34© 
BSJStt, «MraSKDTi*4- 15, 4-16, 4-3 

[0 0 9 8] fcca-C, SB^^M-P©^^* 
Tiffil4-3 ltt, glElt4-LlK:£tt-«TijR4 
-15i:»ttbTH 4. ■*•**>"&, TiK4-3 1*± 
VTiM4-15tt, fct)CAl-&*K4-l 2t«b 
.TVufcH. bfc#oT, **SlMMliJK:*B-*TiJR4 
-3 l*J:tfTiK4- 1 5tt, Al-&^m4-12i: 

a. 

[0 0 9 9] »2E«4-L2fc*iH-SAl^fe 
JK4-4 2t, C*iC«L"CV*482BaM-L2fc* 



10) #12 0 0 0-1 1 43 7 6 
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tf-STiR4-45, 4-4 61*, •MtKftftjlBCL. 
**V*ilAl-Ti£a*U-4 7, 4-48{C£{bf 
5o *l/C. ^CDAl-Ti'&M4-4 7, 4-48 
©BU?tt, «M«fI©Ti'K4-4 5, 4-46©jg&fE 

fc*tbTl&2(»K:iMnbTv^. 

[0 10 0] l83C*l>W7*-^4-VHtjB 
fiEU, Xg4fc#*vCTiNK4-l 3 
TiN]g4- 1 3tft-^-i9f>^jn, 

10 «TiK4-3 1, TiNJR4-3 2, ;&J:atwBt4- 
3 3tt, **S7>^-*yh»CA!>&*fcv>fe» > 
*S*Wfc[S8© (b) CjSVf £3fcJl?-f M-V2#£ 

[0 10 1] CO*5t, «4©mfi©J&J8KliP*»S^ 
&{fcgg4Ctt, ftg£®£|M»tgBl 0 1 fcRfcCJlW 
H4-V2i>s^-r5*^tl* s fe«.. bfrb, 1S8C 
*B-S«WWfcJ:?r, MHEH4-L 1<0A1-T i 
^14-1 8tt, «Smi©TiM4-l efcJt^T 
^R7-7^4-P^iai^Hg5Sb, atfc, ^JST-7^4- 
20 PCDAl-Ti^l4-3 4li, *MBS«r©T i.014 
-3 lfCifc^TAl-T i^i4-l SAMRIt 
5. ***B«S:j:oT, Al-Ti^l4-18t 
Al-Tift«4-3 4tt««t*Ji:Cft6 P *SIR 
#JfcSglE8l4-Ll, &ff:?9jr4-P, 43iV»2 
E»4-L2tt, 5lllCaafl9K:»JSS$nacfcC«: 

[0 10 2] ®4©HS6©^ji8fc<pii>s#^ 
ig4C^t5^i77^4-PI±, £182*14 -LI 
©T iM4- 1 5Klg^bt^»), ^©fSfctt, Al-6- 
30 £184-1 2**j££EbfcV%&«>, »2BSS&4-L2ipC, 
^1@2«*4-L lC»l/Tt?e- *liRtt£ttLfe«i 
E MSI&#£ b 5 *3*tl©fc 5 WAS, A1-&&JB 
4-1 2fciBbW*A«7 , 5f 4-P®«lBt:R6*i 
SdtfcJfeS. *LT, ^JS7 , 5^4-PK43(t5Al 
-Ti^^4-3 4tt, EMStCgfShSZfcft 
<, *lB»4-LlC*fcN5Al-Ti-ft4aM-l 
7*«kVAl-Ti^m4-l 8 i:8tlH£«Je!;a<j{C& 
ItSJiS. bfctfoT, -*lEft4-£.lfcJ02JEIft4 
-L2h©H©K«lffitn;RI±, gl8liB-j£fl6#«{lft3*i 

40 

[0 1 0 3] fiJLt, *^mft#Mbfttf&4W«CD# 
IRfcSft&vi. ^ Stiff fefttt, ftfrffiS#©l6HCSa« 
«IEM fc»BI b?# 5 C k (*£ 6 iPT-fe 5 , -en 6 fc o v» 

[0 10 4] 9g 1 ©*BK©J&«fc*4> * a^^fr 

50 l-14**lFllS2K*l-L2fc**.6tifcTalU 
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-4 4CfU.T, *-*>>>U1M H (TiSI) , f-9 
>-*>ir*7-> (Ti-W) , Ti£JgV>-5£i:fcDT 

[0105] ir i <Dmm<orM\zi?i*2>*mm 

glK^Jt^^liSi^l — L 1 i:92E*ll ~L 2£& 
its;H7*-;n-VHCH:, &JStW1-p# 

g&fettM (Cu) B2ifa£itgS»&tf«fc-5£L-t&«fc 
V>. H*t, ^2, 3, 4<DJBftD»JIK:*****ft 
gg2, 3, 4K:fe|*5£/^T*-;i/2-VH, 3- 
VH, 4-VHt#bTAl*«aEI»*fctt«| (Cu) 

[0 1 0 63 *UT, ±fa«BO»»t*V^Ttt, ^2 
»lB«0«a«fflJ9ft*tt*llB!t*, fcH^yfc^ 

CO 1 0 73 

3M*^e*«3ta c i|i»^fg(o«-ii*j£K:j;na, -©s 

[0 1 0 83 #£, l^Sl, 3, 4, 7Cfitt<D*|M* 
*S*43 *rJW#H 2 1 fcfB«©#g#£Ee©glit;fr£ 
CfcfUi, -©KliUIfc^Uf hnv-f^-j/svi 

fcfcS. ffit£9i2, 3, 8, 11K8B*©3M£ 

fl«gCJ:*itt, m<D&MMKL*]st hnv-f^i/-<> 

©BBBUS hflb©E«ilfB©*SGfll©tiJD*B6Jt1-S c t 

[0 1 0 9] Sf*S5, 6, 7, 12IC!S«©^ 

SfcC, 9, 10, 11, 1 3 fcia«©*«fc£«K:.,fc 

^©JSStfW^arix, -®Ei6U14:fl!!©EiKJllS©ffi 
JMlttMiiDfclBiM-* c fc#°Ifgi:£3. 
[0ffi©fS#fc8Bf!l33 

CH 1 3 *WH®J0 1 ©*BKO»»C4»**JMWWt« 
©8r®0T-&3. 

[is 2 ] 0 1 ©^<*sfi©i&^ • wetttn-i-s wn 
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[033 01 ©*&#&g £^<Z)3M»tt£gfDE«& 

[04] ^|§©92©IUffi©M®^ip4>5^^g 
©#r®0?-;&S. 

[s 5 3 b 4 ©*$f*gg©iM* • sn&fca&K-r a»fffl 

[06 3 *&!8©83©^©^astc:i>»ipSiM*#gg 
©8tB0-C-$>3. 
10 [07] #&l8©S&4©!US©J&ffiC4»4»SiNifc«g 
©#r®0-?i&3. 

[0 8 ] 0 7 ©*»fc&g©!&f£ • Wt&SKH-J-S BrlB 

[09] S!3tE©*«#«gfflBfiS0TifeS. 
[0 1 0 ] 0 9 <&**{*SgCDfl(rtt • «tte«KQl?-«tf 
@0T?fc5. 

i 4^^g 

1-1 Sitfi' 

20 1-2 ifg^Jg 
1-11 TiNM 
1-12 Al&&m 
1-13 T i NM 
1-14 TaK 

1-21 mmm 

1-31 TiBI 

1-3 2 TiNK 

1-33 Vftft 

1-41 TiNK . 

30 1-4 2 Al&&m 

1-43 TiNI 

1-44 T al 

i-li mim& 

1-L2 jg2g&&fl 

1-P 

1 -V 1 TtW K 

1- V2 «F 
1 -VH "Ptf;-;!/ 

2- 15 TiM 
40 2- 1 6 Tig! 

2-17 A 1 - T i -q 5 

2-18 Al-Ti^ 

2-45 Til 

2-46 TiH 

2-47 Al-Ti-&: 

2-4 8 Al-Ti-&5 
4-3 4 



( 12 ) 000-114376 



[011 



R+10% 



l-43:T5NflK 
l-44;TaJ« 

1-VH: 




CB3] 







/ 


60H 


/ 3 BOH 












10H 


100H 




10OOH 




1-12 



[04] 



- 2-43:TiNK 



1 ^ 

i>> 2-41:TlNR 



:2-Ll ■ 



2-42:Al^fcK 
2-45:1* 




2-VH; 

2-31:1111 
2-32:HNBl 
2-33:Wfl! 
2-21:ftftB 

2-13:TW8l 
2-16:11* 
2-12: 

K-2-U:TlNME 
X -2-2:3fei« 
2-l:Si*« 
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4^182 0 0 0-1 1 43 76 



[05] 



[06] 



*3-43:Ta« 

*3-42:AJ££tt 

*S-41:T1NBI 

-3-VH: 



3*31 :T* 
3-32:TIN» 
3-33 :W» 
h-3-21:WW 




2-12 



[07] 



[09] 



;4-L2 



y/v/y yy ypV" 4-46 :Ta * 



:4-Ll - 
ffiEtt 



4-43:T5N« 
4-46 :T« 
4-42:A*^&K 
V-4-4 

/-4-41:T3NJK 




-4-VH; 

-4-31:Tjfi 
*4-32:TiNJK 

,4-21:Jftft« 

,4-13:TIN* 
-4-16:Tlfl!t 
-4-12: 

4-15;Ti« 
'4-lliT£KBl 
-4-2:J«W 
-4-l:Sl3» 



S101-L2 
#2E* 



:101-P 
101-21 * 



:101-L1 
fflEtt 



101-43:TlNfll 
101-42:AHHt|E 
10l-41:TiKJ« 




101-VH: 

101-31:T* 
101-32;TO*R 
101-33:Wffi 
101-21:5fe»JR 
101-13:*ITNjR 
101-12: 

I01-H:TOflR 
\-101-2:J6«l 
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[08] 



W 



4-L2 



-4-43 

«4-4a;Al-Tl^A« 
-4-42 

^4-47:Al-TI^-ffeH 
-4-41 

-4-VH 




101-L2 




101-1 



